Introduction
============

Oral squamous cell carcinoma (OSCC) is the most common and most malignant disorder in the oral cavity. It accounts more than 90% of oral malignancies (Neville et al., 2016). OSCC is important because of the high incidence of side effects or complications during treatment and a high mortality rate. Only about half of patients with oral cancer survive more than 5 years (Petersen, 2008; da Silva et al., 2011). OSCC could result in changes in the patient's appearance and reduction in the ability to eat and quality of life (Joensuu et al., 2008). Standard cancer treatments include surgery, chemotherapy, and radiotherapy. However, these have many complications and problems for patients (da Silva et al., 2011; Johansson et al., 2006). Chemotherapy is used for advanced cancers and multiple metastases because it is the only means by which cancer cells can be destroyed throughout the body (Johansson et al., 2006). Doxorubicin is one of the most effective anti-cancer drugs. It is prescribed for the treatment of many cancers, usually in combination with other cancer drugs. It is most often used in acute leukemia and lymphoma, and organ cancers of the lung, breast, bladder, stomach, thyroid and reproductive system (Johansson et al., 2006; Nowak et al., 2004) and vomiting is the most common side effect from Doxorubicin in its injectable form. Doxorubicin also disrupts the production of red blood cells and can cause blood clotting disorders, anemia and leukopenia.Therefore, its effect on blood parameters should be closely monitored (Cortes et al., 2007). To solve this problem and reduce the side effects of Doxorubicin, much research has been done, to include encapsulating the drug within nanoparticles such as liposomes (Pramanik et al., 2012; Lebold et al., 2009; Wohlfarta et al., 2011). Laboratory (cell and animal) and clinical studies have been conducted on nanoparticles of Doxorubicin. The results of these studies showed anti-tumor effects, increases in patient survival, positive results of treatment, and reduction of side effects ( Bootz et al., 2005 ; Ambruosi et al., 2006 ; Khiavi et al 2017; Khiavi et al., 2015 ).

The effects of this new form of drug on blood parameters and cardiac and liver enzymes have not been studied yet. This study assessed the efficacy of the injectable form of nanoparticles of Doxorubicin compared to the commercial form in cancer induced by 4-nitroquinoline-1-oxide (4-NQO) in rats. The main aim of this study is to outline the assay of the cardiac and liver enzymes with haematological parameters in a rat model of oral squamous cell carcinoma following treated with the nano-drug form of Doxorubicin.

Materials and Methods
=====================

*Animals*

Male Sprague-Dawley rats (150±15 g) were purchased. All animal experiments were approved by the Animal Ethics Committee (approval license5/4/10259) and kept in accordance with the Tabriz University of Medical Sciences guidelines. They were kept under standard conditions (temperature; 22°C -25°C) and 12 hour light-dark cycles. The animals had free access to tap water and standard food. The animals were distributed randomly into four groups (n=15 rats) that included two rats in each cage.

*Preparation of n-Dox*

The preparation procedure of nano-particles of doxorubicin was fully described by Salehi et al., (2015). In brief, some nano-particles of Doxorubicin were ultrasonically dispersed in a methotrexate solution for 5 minutes. After 24 hours in dark conditions, DOX-HCl was added to the methotrexate--nanoparticles mixture and was stirred using ultrasonics (Sonics VibraCell, VCX 130 PB, Newton, CT) for 5 minutes. The solution was kept under magnetic mixing under dark conditions for 24 hours. After this, the fine precipitates were sedimented over 2 hours. Dox-methotrexate-loaded nano-particles were centrifuged (14,000 rpm /15 min). The nano-drug was diluted with normal saline solution in the appropriate concentration before administration to animals.

*Induction of OSCC*

Many studies have been conducted of 4-nitroquinoline-1-oxide (4-NQO)-induced OSCC to assay various stages of oral carcinogenesis (Sohrabi et al., 2009). 4-NQO (Sigma) was used at a concentration of 30ppm during 14 weeks (PMID:16448841).

*Design of protocol*

Four categories of animals were randomly selected and each group consisted of 14 rats. 4-NQO was dissolved in the drinking water.

First group (OSCC+Dox) served as a carcinoma cancer model and received 4-NQO at a concentration of 30ppm over 14 weeks. They also intravenously (IV) received doxorubicin (1.5 mg/kg) once a day on days 2, 5 and 8 of the study.

Second group (OSCC+n-Dox) served as a carcinoma cancer model and received 4-NQO at a concentration of 30ppm over14 weeks. They also intravenously (IV) received nano-particles of doxorubicin (1.5 mg/kg) once a day on days 2, 5 and 8 of the study.

Third group (OSCC) served as a carcinoma cancer model and received 4-NQO at a concentration of 30ppm over 14 weeks without any treatment.

Fourth group(healthy animals) received no carcinogen or treatment.

One-way ANOVA and Kruskal-Wallis test were used for the comparison of the differences between experimental and control animals. A difference in the p-value at the level of 0.05 or less was considered significant.

Results
=======

Our microscopic findings showed 4-NQO induced typical cancerous and pathological changes in the tongue epithelium of rats in OSCC groups ([Figure 1](#F1){ref-type="fig"}). Using nano-Doxorubicin had little impact on the number of white and red blood cells, while those rats that received the commercial form of Doxorubicin has led to a sharp decrease in white and red blood cells (p ˂ 0/001). Thrombocytopenia and leukopenia in animals treated with nano-medicine were less than in the commercial form. The results show that hemoglobin and hematocrit levels in all treated groups did not differ and were similar to that of the healthy control ([Table 1](#T1){ref-type="table"}).

Hepatic (SGOT, SGPT) and cardiac (LDH,ALK, CK) enzymes were tested for significant differences between treatment groups and control group but did not show any significant differences (P \> 0/12) ([Table 2](#T2){ref-type="table"}).

###### 

Mean ± SD of Hematological Parameters in Different Groups after 15 Weeks from the Initial Period of Experiments

  Hematological parameters         Groups                               
  -------------------------------- -------------- ---------- ---------- ----------
  Leukocyte count (×10^3^/mm^3^)   4.8±1.8 †, ₤   9.3±2.6    11±2.2     10.1±2.1
  RBC count (×10^6^/mm^3^)         6.9±0.1 \*     7.4±0.5    7.3±0.5    7.6±0.6
  Hb (mg/dl)                       12.3±0.04      12.9±0.8   12.8±0.8   13.3±0.8
  Hct (%)                          34.2±0.3       35.7±2     35.4±2.2   36.8±2
  Plt count (×10^3^/mm^3^)         791±51 †       1022±107   889±193    1010±89
  Neutrophil (%)                   10.5±1.2 \*    20.3±1     10.6±0.7   62±8.1

Data showed a significant difference in several haematological parameters between the Doxorubicin treated (Dox) animals compared to another groups

oral squamous cell carcinoma (OSCC) and healthyanimals,

RBC, red blood cells; Hb, hemoglubin; Hct, hematocrit; Plt, Platlet; n, [Table 1](#T1){ref-type="table"}. Mean ± SD of hematological parameters in different groups after 15 weeks from the initial period of experiments. 15 animals in each group).

(represents a p value of p \< 0.05 compared to nano Doxorubicin (n-Dox),

represents a p value of p \< 0.01 compared to OSCC+n-Dox and healthy animals,

represents a p value of p \< 0.001 compared to just only OSCC animals.

###### 

Mean ± SD of Hepatic and cardiac enzymes in different groups after 15 weeks from the initial period of experiments

                Groups                       
  ------------- --------- --------- -------- ---------
  AST (IU/L)    170±33    144±26    196±51   113±31
  ALT (IU/L)    49±13     43±11     39±7     37±11
  LDH ((IU/L)   400±66    337±49    310±81   327±43
  ALP (IU/L)    140±38    112±17    98±26    110±29
  CK (IU/L)     497±118   383±126   279±88   410±117

IU/L, AST (SGOT), ALT (SGPT), ALP, LDH and CK represent the international unit per liter, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, Lactate dehydrogenase and Creatine kinase respectively.

![Well Differentiated Squamous Cell Carcinoma, Dysplastic Epithelial Cells are invading the lamina propria with keratin pearl formation (H and E, ×200, scale bar = 100µm)](APJCP-20-1973-g001){#F1}

Discussion
==========

The influences of n-Dox, an anti-neoplastics drug, were evaluated in a 4-NQO-induced OSCC animal model outcome. Accordingly, liver and cardiac enzymes and haematological changes were considered for this study. Our results indicated that use of n-Dox has fewer side effects than Dox.

Currently chemotherapy is used for approximately 50% of human cancers. Nevertheless, the main problem related to chemotherapy is the inability to deliver a suitable dose of pharmaceuticals to target cancerous tissue without inducing toxicity in normal tissues (Qin et al., 2017). Here, we focused on use of n-Dox in treating OSCC. Nevertheless, it was necessary to create appropriate pharmaceutical formulations to deliver effective doses of drug to the site of action and reduce the drug side effects. Polymer-based nanoparticles and lipids with a heat-sensitive polymer coating were designed as an anti-cancer drug delivery system. This system is loaded with Dox and is sensitive to temperature and pH. Drug loaded nanoparticles provide targeted release within tumor tissue that has a lower pH (slightly acidic) and a higher temperature than normal physiological condition (Wei et al., 2015). The polymer carrier maintains drug stability and prevents release in the normal pH and temperature environments. However, in cancerous tissue, the polymer loses its structure and releases the drug due to changes in pH and temperature. Accordingly, it can be assumed that the drug will be directed specifically to the target tissue (tumor tissue) and side effects in other tissues will be reduced (Wei et al., 2015; Wang et al., 2010). Dox embedded with DNA gives rise to activation of various molecular signals in the AMPK pathway and influences the Bcl-2/Bax apoptosis pathway which induces apoptosis. It suppresses nucleic acid synthesis and excites apoptosis through promotion of p53 phosphorylation at Ser15 and acetylaion at Lys373/382, similar to n-Dox (Abbasi et al., 2014). This means that the Dox effect is mediated on Bcl2 expression through the p53 route. Both Dox and n-Dox can induce apoptosis by affecting the p53 gene expression within tumor all cells and influence the other genes and pathways to fight cancerous cells (Abbasi et al., 2014; Supriya et al., 2016 ). N-Dox is used for the treatment of ovarian cancer, metastatic breast cancer, and Kaposi's sarcoma associated with AIDS (Laginha et al., 2013). Using n-Dox could decrease the histo-pathological grade, cellular proliferation, and mortality rate and weight gain compared to Dox in an animal model of OSCC (Khiavi et al., 2017; Khiavi et al., 2015). It is said that the n-Dox is more effective and this was confirmed by the results of our research (Laginha et al., 2013 ). In a study carried out by Bootz 2004, n-Dox utilization had fewer side effects and more anti-tumor effect than Dox (Ambruosi et al., 2006; Bootz et al., 2004). In a study conducted by Lingha on patients with breast cancer, use of n-Dox had more biological efficacy (Laginha et al., 2013). Studies by Petri et al., (2007) and Steiniger et al., (2004) on patients with brain tumors showed that n-Dox had higher therapeutic effects than its commercial form. The effectiveness, low side effects and especially reduced toxicity are the principal advantages compared with the free form of Dox and this thus increases the efficacy of treatment (Bootz et al., 2005; Laginha et al., 2013).

According to a study done by Wohlfart in which n-Dox was shown to be much more efficient than Dox, it was therefore suggested to use nanoparticles for human glioblastomas as a non-invasive therapy (Wohlfarta et al., 2011). Other researches carried out by Stefanie and Meang and Liming demonstrated the efficacy of n-Dox for a formulation of anti-cancer drugs to improve cancer therapy (Stefanie et al., 2011; Maeng et al., 2010; Liming et al., 2010). Here, the second group was considered in evaluating possible side effects of n-Dox. To assess the toxic effect as in vivo of the n-Dox, several biochemical indices were measured, such as aspartate aminotransferase (AST), alanine transaminase (ALT), lactate dehydrogenase (LDH), and creatine kinase MB (CK-MB). These parameters did not show significant differences among all of the groups , which indicates that the toxic effects of n-Dox on liver and heart are similar to Dox. Since n-Dox treated group did not show significant changes in blood parameters compared to the Dox treated group, it can be concluded that n-Dox is more effective than Dox. Thus, our results confirm results of the previous studies on the effectiveness of n-Dox. Drugs loaded with nanoparticles are more efficient in the treatment of various cancers. However, more investigations are needed for other possible complications.

In conclusion the results of this research showed that significant decreases in haematological changes occurred, including leukopenia and anemia,in an animal model of OSCC induced by 4-NQO following use of n-Dox with compare to Dox. Use of n-Dox is better than of Dox for treatment of OSCC .However, further experiments are necessary to clarify the advantages and disadvantages of usingn-Dox for the treatment of human cancers.
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